
HYDROGENOPYROLYSIS OF COAL AMD COAL DERIVATIVES 
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T ( " C )  485 580  6 5 0  760 850  

Char  75 .7  7 0 . 9  6 6 . 7  6 1 . 6  6 0 . 6  
O i  1 9 . 5  9 . 2  8 . 8  6 . 4  5 . 5  
Gas 9 . 1  10 .2  1 5 . 1  24 .2  28 .3  
W a t e r  4 . 4  1 6 . 9  I 8 . 9  1 0 . 1  9 . 2  
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6 . 4  
7 .9  
4 . 7  

1. INTRODUCTION 

C o a l  h y d r o p y r o l y s i s  i s  now d e v e l o p p i n g  as one o f  t h e  t h i r d  g e n e -  
r a t i o n  ' p r o c e s s e s  f o r  c o a l  g a s i f i c a t i o n  o r  p a r t i a l  l i q u e f a c t i o n .  
The a d v a n t a g e s  o f  c o a l  h y d r o p y r o l y s i s  a r e  : r a p i d  p r i m a r y  d e v o l a -  
t i l i s a t i o n  o f  t h e  c o a l ,  w i t h  p r o d u c t i o n  o f  m o r e  v o l a t i l e  m a t t e r  
t h a n  w h a t  i s  d e t e r m i n e d  b y  s t a n d a r d  m e t h o d s ;  d e s u l f u r i z a t i o n  o f  
t h e  c h a r ;  s i m u l t a n e o u s  h y d r o c r a c k i n g  o f  t h e  p r i m a r y  t a r .  G e n e r a l  
r e v i e w s  on t h e  s u b j e c t  h a v e  been  p u b l i s h e d  r e c e n t l y  ( 1 ) ( 2 ) ( 3 )  ( 4 )  
P r e s e n t  p a p e r  d e a l s  w i t h  t h r e e  a s p e c t s  o f  f i x e d  bed  h y d r o p y r o l y -  
s i s  : t h e  i n c r e a s e d  f o r m a t i o n  o f  m e t h a n e  and  l i g h t  m o n o c y c l i c  a r o -  
m a t i c s  and p h e n o l s ;  t h e  d e s u l f u r i z a t i o n  p r o c e s s  and y i e l d ,  w i t h  
r e g a r d  t o  t h e  c o m p o s i t i o n  o f  t h e  m i n e r a l  c o n s t i t u e n t s  o f  t h e  c o a l ;  
t h e  m e c h a n i s m  o f  t h e r m a l  c r a c k i n g  o f  h y d r o -  and  p e r h y d r o p o l y c y c l i c  
h y d r o c a r b o n s .  

2 .  POSTCRACKING OF T H E  P R I M A R Y  VOLCITILE MATTER 

D u r i n g  p y r o l y s i s  o f  c o a l  u n d e r  H2  p r e s s u r e ,  t h e  p r i m a r y  v o l a t i l e  
m a t t e r  a r e  s u b m i t t e d  t o  h y d r o c r a c k i n g .  T h i s  p o s t c r a c k i n g  i s  shown 
b y  t h e  v a r i a t i o n ,  c o m p a r e d  t o  w h a t  h a p p e n s  i n  i n e r t  a t m o s p h e r e ,  
o f  t h e  m e t h a n e  c o n c e n t r a t i o n  i n  t h e  gas  and o f  t h e  l i g h t  a r o m a t i c s  
(B .T .X .  : b e n z e n e ,  t o l u e n e  a n d  x y l e n e )  and p h e n o l s  (P .C.X.  : p h e -  
n o l ,  c r e s o l s  a n d  x y l e n o l s )  i n  t h e  l i q u i d  p h a s e .  

E x p e r i m e n t s  h a v e  b e e n  made w i t h  a 32,8% V . M .  c o a l  f r o m  B e r i n g e n ,  
s i z e d  < 5 0 0  pm, b e t w e e n  480 a n d  850°C a t  a f i x e d  H Z  p r e s s u r e  o f  
30  b a r .  One r u n  was made w i t h  30 b a r  He p r e s s u r e  a t  580°C.  R e s i d e n -  
c e  t i m e  o f  c a r r i e r  g a s  was a b o u t  6 0  s .  Y i e l d s  i n  g a s ,  o i l ,  w a t e r  
a n d  c h a r  a r e  g i v e n  i n  t a b l e  I. 

~~ ~ ~~~ 

T a b l e  I : Y i e l d s  ( 7 :  m a f )  ( 3 0  b a r  H Z  p r e s s u r e )  

Above 7 O O 0 C ,  c o a l  d e v o l a t i l i s a t i o n  i s  h i g h e r  t h a n  t h e  v o l a t i l e  
m a t t e r  c o n t e n t ,  d e t e r m i n e d  f o l l o w i n g  s t a n d a r d  m e t h o d s .  

H y d r o g e n  p r e s s u r e  i n f l u e n c e  a t  580°C b e t w e e n  1 a n d  50  b a r  h a s  
b e e n  s t u d i e d  o n  t h e  same c o a l .  Y i e l d s  o b t a i n e d  a r e  g i v e n  i n  
t a b l e  1 1 .  
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H e  pressure-bar 

Char 
oi 1 
Gas 
Water 

T a b l e  I 1  : Y i e l d s  ( %  ma:') a t  580°C 

He H Z  
0 10 20 30 50 30 

76 .6  7 2 . 4  7 0 . 6  7 0 . 9  6 9 . 0  7 5 . 0  
7 . 4  1 0 . 3  9 . 8  9 . 2  8 . 9  6 . 4  
5 . 3  1 0 . 0  1 0 . 3  1 0 . 2  9 . 9  7 . 9  
5 . 3  6 . 0  7 . 0  6 . 9  6 . 1  4 . 7  

F i g .  1 g i v e s  t h e  v a r i a t i o n  o f  CH4 and C H6 c o n t e n t  i n  t he  g a s  a t  
30 b a r  H Z  p r e s s u r e  compared w i t h  c o n v e n z i o n a l  c a r b o n i s a t i o n ,  a s  
a f u n c t i o n  of  t e m p e r a t u r e .  CH4 c o n t e n t  i n c r e a s e s  f rom 45% a t  
500°C t o  80% a t  850°C.  Under c o n v e n t i o n a l  a t m o s p h e r i c c a r b o n i s a -  
t i o n  t h e  k n o w n  r e v e r s e  e v o l u t i o n  o c c u r s .  C H 4  f o r m a t i o n  i s  d u e  t o  
h y d r o d e a l k y l a t i o n  o f  h i g h e r  h y d r o c a r b o n s .  
The change  i n  c o m p o s i t i o n  o f  B . T . X . ,  P . C . X .  and n a p h t h a l e n e s  i s  
g i v e n  on f i g .  2 a s  a f u n c t i o n  of  c a r b o n i s a t i o n  t e m p e r a t u r e .  
L i g h t  a r o m a t i c s  a r e  s t e a d i l y  i n c r e a s i n g .  P h e n o l s ,  on t h e  c o n t r a -  
r y ,  a r e  a t  t h e i r  h i g h e s t  c o n c e n t r a t i o n  i n  t h e  low t e m p e r a t u p e  
o i l .  P h e n o l s  d e h y d r o x y l a t i o n  o c c u r s  o n l y  above  700°C.  Water con- 
t e n t  shows a n  i n c r e a s e  p a r a l l e l  t o  t h e  d e c r e a s e  of  P . C . X .  (phe-  
n o l ,  c r e s o l s ,  x y l e n o l s )  c o n t e n t .  The speed  o f  c r e s o l s  d i s a p p e -  
a r a n c e  i s  e q u a l  t o  t h e  s p e e d  of t h e i r  f o r m a t i o n  by d e a l k y l a t i o n  
of t h e  x y l e n o l s .  Phenol i n c r e a s e  i s  a r e s u l t  o f  b o t h  p r o c e s s e s .  
The o p t i m a l  phenol  p r o d u c t i o n  i s  a t  a b o u t  750°C. The d e h y d r o -  
x y l a t i o n  o f  P . C . X .  c o n t r i b u t e s  t o  t h e  B . T . X .  i n c r e a s e  be tween 
600 and  800°C.  
N a p h t h a l e n e s  y i e l d s  a r e  i n c r e a s i n g  w i t h  t e m p e r a t u r e  a s  a r e s u l t  
o f  known f o r m a t i o n  of  d i -  and p o l y c y c l i c  a r o m a t i c s  f rom c r a c k i n g  
f r a g m e n t s .  Under hydrogen  p r e s s u r e  t h e s e  r e a c t i o n s  a r e  m a r k e d l y  
slowed d o w n  b u t  n e v e r t h e l e s s  s t i l l  p r e s e n t .  
F i g .  3 shows t h a t ,  f o r  t h e  l i g h t  a r o m a t i c s ,  hydrogen  p r e s s u r e  
i n f l u e n c e  a t  580°C i s  i m p o r t a n t  be tween 1 and 20 b a r .  T h i s  i s  
n o t  t h e  c a s e  f o r  t h e  p h e n o l s .  N a p h t h a l e n e s  i n c r e a s e  w i t h  t h e  
p r e s s u r e  f rom 1 , 2 %  a t  1 b a r  t o  3 , 6 %  a t  50 b a r .  

3 .  DESULFURIZATION OF THE C O A L  DURING HYDROGENOPYROLYSIS 
I t  i s  known t h a t  h igh  t e m p e r a t u r e  h y d r o p y r o l y s i s  l e a d s  t o  p a r -  
t i a l l y  d e s u l f u r i z e d  c h a r .  I n  t h i s  p a p e r ,  t h i s  h y d r o d e s u l f u r i z a -  
t i o n  was c o n s i d e r e d  r e g a r d i n q  t h e  n a t u r e  of  t h e  s u l f u r o u s  mine -  
r a l s  p r e s e n t  i n  t h e  c o a l  .Asan exemple  a high S c o n t a i n i n g  i t a l i a n  
c o a l  was s u b m i t t e d  t o  a f i x e d  bed h y d r o c a r b o n i s a t i o n  a t  30 b a r  

!:r;te i s  r e d u c e d  by H 2  t o  an e x t e n t  d e p e n d i n g  m a i n l y  upon p y r o -  
l y s i s  t e m p e r a t u r e .  The r e d u c t i o n  of  p u r e  p y r i t e  and m i x t u r e s  o f  
p y r i t e  a n d  pitch coke  under hydrogen  p r e s s u r e  h a s  been s t u d i e d  
by t h e r m o g r a v i m e t r y  be tween 1 and 50 b a r  u p  t o  950°C.  I t  can  be 
s e e n  o n ' f i g .  4 t h a t  t h e  f i r s t  l o s s  of  S ,  c o r r e s p o n d i n g  t o  t h e  
c o n v e r s i o n  of  FeS2 t o  FeS, ( p y r r h o t i t e )  i s  c o m p l e t e  a round  500°C. 
The r e d u c t i o n  t o  Fe i s  o n l y  c o m p l e t e  a t  much h i g h e r  t e m p e r a t u r e .  
A t  950"C,  unde r  50 b a r ,  t o t a l  r e d u c t i o n  i s  a c h i e v e d  w i t h i n  
10  m i n u t e s ,  whereas  a t  1 b a r ,  i t  needs  40 m i n u t e s .  The same b e -  
h a v i o u r  i s  o b s e r v e d  f o r  p y r i t e  i n  t h e  c o a l .  The h i g h e r  t h e  p y r o -  
l y s i s  t e m p e r a t u r e  i s ,  t h e  more i m p o r t a n t  i s  t h e  p y r i t i c  s u l f u r  
e l i m i n a t i o n .  
Scann ing  e l e c t r o n  m i c r o s c o p y  p h o t o g r a p h i e s  show t h e  d i s t r i b u t i o n  
o f  S ,  Ca and Fe i n  t h e  c o a l  and i n  t h e  c h a r .  The p y r i t i c  s u l f u r  

r e s s u r e .  Expe r imen t s  were  pe r fo rmed  a t  580"C, 700"  and 8 5 0 " . .  
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i s  w e l l  l o c a l i s e d  i n  t h e  c o a l  w h e r e a s  t h e  o r g a n i c  s u l f u r  i s  u n i -  
f o r m e l y  d i s t r i b u t e d  i n  t h e  b u i k  o f  t h e  s a m p l e .  The c a l c i u m  con-  
t e n t  o f  t h i s  i t a l i a n  c o a l  i s  h i g h ,  m o s t l y  a s  CaC03 b u t  a l s o  some 
Cas04 ( F i g . 5 ) .  

Mo i s tur e 
Ash (Mf) 
Volati le Matter 
( %  Maf) 

I n  t h e  c h a r ,  a f t e r  hydrogen  t r e a t m e n t ,  i t  c an  be o b s e r v e d  o n  
F i g . 6  t h a t  FeS2 h a s  been  r e d u c e d .  A t  low t e m p e r a t u r e , r e d u c t i o n  
i s  l i m i t e d  t o  p y r r h o t i t e  ( F e S x ) ,  a t  h i g h  t e m p e r a t u r e ,  t o  i r o n .  
B u t  where Ca i s  d e t e c t e d  i t  i s  a s s o c i a t e d  w i t h  S ,  p r o b a b l y  i n  
t h e  f o r m  o f  Cas and some unreduced  CaSO4. The e x p e r i m e n t a l  r e -  
s u l t s  a r e  summar ized  i n  t a b l e  1 1 1 .  They show i n  t h i s  c a s e  of a 
h i g h  c a l c i u m  c o n t a i n i n g  c o a l ,  t h a t  t h e  h i g h e r  t h e  p y r o l y s i s  tem- 
p e r a t u r e  i s ,  t h e  more s u l f u r  r e m a i n s  i n  the  c h a r .  I t  seems t o  be 
due  to i n c r e a s e d  d e c o m p o s i t i o n  of  CaC03 i n t o  CaO, which i s  more 
a c t i v e  t o  f i x  t h e  v o l a t i l e  s u l f u r  compounds.  CaC03 f rom t h e  a s h  
would have  t h e  same e f f e c t  u n d e r  h y d r o c a r b o n i s a t i o n  c o n d i t i o n s ,  
a s  l i m e s t o n e  o r  d o l o m i t e ,  added  t o  c o a l ,  i n  c o m b u s t i o n ,  a s  t o  
r e d u c e  a t m o s p h e r i c  S O 2  p o l l u t i o n .  As a c o n c l u s i o n  o f  t h i s ,  i t  
can  be s a i d  t h a t  h i g h  c a l c i u m  c o n t a i n i n g  c o a l s ,  w i l l  n o t  be d e -  
s u l f u r i z e d  i n  t h e  same r a t i o  a s  p y r i t i c  c o a l s  a n d  t h a t  an i n -  
c r e a s e  o f  t h e i r  h y d r o c a r b o n i s a t i o n  t e m p e r a t u r e  w i l l  l e a v e  more 
s u l f u r  i n  t h e  c h a r .  

6,O C 63,24 S ,  p y r i t i c  0,83 
12,9 H 3,71 su l f a t e  0,05 
56,4 0 1 4 , l l  organic 3,57 

N 1,77 
S 4,45 
A s h  12,9 

Total 100,28 Total 4,45 

S U L C I S  C O A L  I 

34,l  

59,l  
790 

I Proximate ana lys i s  I Ultimate analysis (Mf) 

35,6 

58,4 
690 

~ ~ ~ ~ ~ _ _ _ _ _  

T"C 

Devola t i l i sa t ion  (% Maf) 
Gas 
O i  1 
Water 
Char  

S balance in 
Char 
O i l  
Gas 

14,8 
16,4 18,8 
48,4 38,9 

850 

61,9 
39,7 
8,2 

14 , l  
38,l 

41,9 
4,7 

53,4 

Tab le  I 1 1  : S u l c i s  c o a l  and c h a r s .  

T H E R M A L  CRACKING OF DI- A N D  POLYHYOROAROMATICS AT ATMOSPHERIC 
PRESSURE OF INERT G A S  
I n  c o n n e c t i o n  w i t h  t he  h i g h  c o n t e n t  o f  h y d r o p o l y a r o r n a t i c  conpounds 
p r e s e n t  i n  c o a l  1 i q u i d s -  p roduced  by  s e v e r a l  i n d u s t r i a l  p r o c e s s e s ,  
due t o  p a r t i a l  h y d r o g e n a t i o n ,  t h e  t h e r m a l  c r a c k i n g  i n  i n e r t  g a s  
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a t  a t m o s p h e r i c  p r e s s u r e  o f  d i -  a n d  p o l y c y c l i c  compounds,  p a r t i a l -  
l y  and  t o t a l l y  h y d r o g e n a t e d  was s t u d i e d  i n  v i e w  o f  t h e i r  c o n v e r -  
s i o n  t o  m o n o c y c l i c  a r o m a t i c  h y d r o c a r b o n s .  

K o r o s i  ( 5 )  has  shown t h a t  s t e a m  c r a c k i n g  o f  d e c a l i n e ,  w i t h  a 
s t e a m  t o  h y d r o c a r b o n  r a t i o n  of 1 6 / 1  a t  854°C a n d  n e a r l y  a t m o s p h e -  
r i c  p r e s s u r e  l e a d s  t o  18 W %  b e n z e n e  a n d  u p  t o  19 W %  C2H4 i n  t h e  
g a s  p h a s e .  
We made. t h e r m a l  c r a c k i n g  a t  a t m o s p h e r i c  p r e s s u r e  i n  i n e r t  gas  and 
w i t h o u t  a n y  c a t a l y s t  o f  t h e  f o l l o w i n g  d i -  a n d  p o l y c y c l i c  compounds: 
l , Z - d i h y d r o n a p h t h a l e n e ,  1,2,3,4-tetrahydronaphthalene ( t e t r a l i n e ) ,  
d e c a h y d r o n d p h t h a l e n e  ( d e c a l i n e ) ,  1- a n d  2 - n a p h t o l s ,  1 , 2 , 3 , 4 - t e t r a -  
h y d r o - 1 - n a p h t o l ,  5,6,7,8-tetrahydro-l-naphtol, c i s d e c a h y d r o - l -  
n a p h t o l ,  p e r h y d r o i n d a n e ,  p e r h y d r o f l u o r e n e ,  p e r h y d r o p y r e n e ,  
9 , 1 0 - d i h y d r o p h e n a n t h r e n e ,  1,2,3,4,5,6,7,8-octahydrophenanthrene, 
p e r h y d r o p h e n a n t h r e n e  a n d  p h e n a n t h r e n e .  
The e x p e r i m e n t a l  d e v i c e s  a n d  r e s u l t s  of some o f  t h o s e  s t u d i e s  were  
a l r e a d y  p u b l i s h e d  ( 6 , 7 , 8 , 9 ) .  

C o m p a r i s o n  b e t w e e n  B .T .X .  a n d  e t h y l e n e  y i e l d s  o b t a i n e d  b y  t h e r m a l  
c r a c k i n g  o f  t e t r a l i n e  and  d e c a l i n e  i s  g i v e n  i n  f i g . 7 .  I t  was de- 
m o n s t r a t e d  t h a t  c r a c k i n g  m e c h a n i s m  o f  p a r t i a l l y  h y d r o g e n a t e d  
n a p h t h a l e n e  i s  c o m p l e t e l y  d i f f e r e n t  o f  w h a t  h a p p e n s  w i t h  d e c a l i n e .  
I n  t h e  f i r s t  c a s e  t h e  m a i n  c r a c k i n g  r e a c t i o n  i s  d e h y d r o g e n a t i o n  
l e a d i n g  b a c k  t o  n a p h t h a l e n e  ( E q u a t i o n  1 ) .  Two o t h e r  p a t h w a y s ,  
l e s s  i m p o r t a n t ,  o c c u r  a t  t h e  same t i m e .  T h e y  c a n  e x p l a i n  t h e  f o r -  
m a t i o n  o f  i n d e n e  and o f  t h e  s m a l l  a m o u n t s  o f  m o n o c y c l i c  a r o m a t i c  
( E q .  2 and  3 ) .  

a"m 1) Main r e a c t i o n  

J 
reac t i ons  I 

F o r  t h e  p e r h y d r o c o m p o u n d s ,  o n  t h e  c o n t r a r y ,  t h e  m a i n  r e a c t i o n  i s  
t h e  o p e n i n g  o f  o n e  o r  t w o  c y c l e s  w i t h  f o r m a t i o n  o f  a l k y l m o n o c y -  
c l i c  compounds whose s u b s e q u e n t  d e h y d r o g e n a t i o n  g i v e s  t h e  c o r r e s -  
p o n d i n g  a r o m a t i c s .  A t  t h e  same t i m e ,  C2H4 a n d  H p  a r e  t h e  m a j o r  
c o n s t i t u e n t s  o f  t h e  gas  p h a s e .  S m a l l e r  amoun ts  o f  1,3-C4Hg, 
1 , 7 - o c t a d i e n e ,  C3Hg and  C4H8 a r e  a l s o  o b s e r v e d .  I t  was shown i n  
p r e v i o u s  w o r k  t h a t  t h e  l i g h t  o l e f i n e s  r e a c t  t o  g i v e  b e n z e n e  a n d  
t o l u e n e  a b o v e  750°C ( 1 0 , 1 1 , 1 2 ) .  

-E R 02"- B.T.X. 
'34  9 C2H4 9 C3Hg >C4Hg / A R' a '-- 1,7-octadiene, I C2H4 

I 

Perhydrogena ted  \ R  OL :&- B.T.X. 
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The i n f l u e n c e  o f  a n  h y d r o x y l  g r o u p  on t h e r m a l  b e h a v i o u r  o f  d i c y -  
c l i c  compounds w a s  s t u d i e d  by c r a c k i n g  t h e  n a p h t o l s ,  t h e  t e t r a -  
h y d r o n a p h t o l  s and d e c a h y d r o - 1 - n a p h t o l  . R e s u l t s  o b t a i n e d  show t h a t  
t w o  c r a c k i n g  rnechanismes  can  be c o n s i d e r e d  f o r  n a p h t o l s .  The 
f i r s t  one  i s  d e c a r b o n y l a t i o n ,  s i m i l a r  t o  wha t  was d e m o n s t r a t e d  
t o  happen w i t h  phenol  (13). I n d e n e  i s  f o r m e d .  The s e c o n d  one i s  
a d e h y d r o x y l a t i o n  l e a d i n g  t o  n a p h t h a l e n e .  The hydroxy l  g r o u p  po- 
s i t i o n  has  a r e l a t i v e  i m p o r t a n c e  on t h e  c o n t r i b u t i o n  of  bo th  of  
t hem.  

I n  t h e  c a s e  of n a p h t o l  p a r t i a l l y  h y d r o g e n a t e d ,  t h e  OH g r o u p  can 
be l o c a t e d  e i t h e r  on t h e  a r o m a t i c  r i n g  o r  on  the  s a t u r a t e d  o n e .  
T h e r e f o r e ,  t h e r m a l  c r a c k i n g  of  5,6,7,S-tetrahydro-l-naphtol and 
1,2,3,4-tetrahydro-l-naphtol was p e r f o r m e d .  The main t h e r m a l  d e -  
g r a d a t i o n  r e a c t i o n  was ,  i n  t h e  f i r s t  c a s e ,  d e h y d r o g e n a t i o n  i n t o  
1 - n a p h t o l ,  u n d e r g o i n g  s u b s e q u e n t l y  t h e  a b o v e  d e s c r i b e d  r e a c t i o n s .  
B . T . X .  a n d  C H4 p r o d u c t i o n  i s  l ow.  Those  d i f f e r e n t  d e g r a d a t i o n  
pa thways  of  $,6,7,8-tetrahydro-l-naphtol can  be summarized a s  
f o l l o w  : 

OH n +co 

+H20 i 
T.X.  i 

Secondary 
reactions 

Conce rn ing  1,2,3,4- t e  t r a h y d  r o -  1 - n a p h t o  1 , t he  m a i  n degracia t i  on 
r e a c t i o n  i s  a d e h y d r o x y l a t i o n  w i t h  s u b s e q u e n t  d e h y d r o g e n a t i o n  i n -  
t o  n a p h t h a l e n e .  The p r e s e n c e  o f  a n  hydroxy l  g r o u p  l o c a t e d  on t h e  
s a t u r a t e d  r i n g  makes t h e  r u p t u r e  of t h e  C - C  bond e a s i e r ,  i n c r e a -  
s i n g  t h e  B . T . X .  p r o d u c t i o n .  The d i f f e r e n t  mechanismes  a r e  summa- 
r i z e d  a s  f o l l o w .  



0 

\-- B.T.X., C2H4,C0 

The m a i n  c r a c k i n g  r e a c t i o n  o f  d e c a h y d r o - 1 - n a p h t o l  i s  s i m i l a r  t o  
t h a t  o f  d e c a h y d r o - n a p h t h a l e n e  : C - C  bond  r u p t u r e s  l e a d i n g  t o  o l e -  
f i n e s  a n d  c y c l o o l e f i n e s ,  t o g e t h e r , i n  t h i s  c a s e ,  w i t h  C O  e l i m i n a -  
t i o n .  The o b t a i n e d  o l e f i n e s  g i v e  e a s i l y  B .T .X .  A s e c o n d a r y  r e a c -  
t i o n  o f  p a r t i a l  d e h y d r o g e n a t i o n  l e a d i n g  t o  i n d e n e  f o r m a t i o n  O C -  
c u r s  s i m u l t a n e o u s l y  and  e x p l a i n s  t h e  l o w e r  B . T . X .  y i e l d  c o m p a r e d  
w i t h  d e c a h y d r o n a p h t h a l e n e .  

Main r e a c t i o n  co 

C o m p a r i s o n  b e t w e e n  B.T .X.  and  e t h y l e n e  y i e l d s  o b t a i n e d  b y  t h e r m a l  
c r a c k i n g  o f  t h e  h y d r o g e n a t e d  n a p h t o l s  i s  g i v e n  i n  f i g .  8 .  

I t  c a n  be seen  t h a t  t h e  d i c y c l i c  p e r h y d r o c o m p o u n d s  l e a d  t o  much 
h i g h e r  B .T .X .  y i e l d s  t h a n  t h o s e  o f  t h e  p a r t i a l l y  h y d r o g e n a t e d  p r o -  
d u c t s .  The i n f l u e n c e  o f  t h e  h y d r o x y l  g r o u p  i s  a p p a r e n t  when compa- 
r i n g  t e t r a h y d r o n a p h t o l s  a n d  t e t r a h y d r o n a p h t h a l e n e .  The B .T .X .  
y i e l d  o f  t h e  t w o  t e t r a h y d r o n a p h t o l s  a r e  h i g h e r  t h a n  t h a t  o f  t e -  
t r a h y d r o n a p h t h a l e n e .  The h y d r o x y l  p o s i t i o n  has  a l s o  a m a r k e d  e f -  
f e c t .  L o c a t e d  o n  t h e  s a t u r a t e d  r i n g ,  t h e  B . T . X .  y i e l d  i s  h i g h e r  
t h a n  when t h e  OH g r o u p  i s  on  t h e  a r o m a t i c  r i n g .  
D e c a h y d r o n a p h t o l  g i v e s  a g a i n  h i g h e r  B . T . X .  y i e l d  b u t ,  d u e  t o  a s e -  
c o n d a r y  d 2 h y d r o d e c a r b o n y l a f i o n  r e a c t i o n ,  i t  r e a c h e s  2 4  w %  a g a i n s t  
34 W %  f o r  d e c a h y d r o n a p h t h a l e n e .  
As p o l y c y c l i c  model s u b s t a n c e s ,  h e n a n t h r e n e  and 3 h y d r o g e n a t e d  
d e r i v a t i v e s  ( d i - ,  o c t a -  and  p e r i y d r o p h e n a n t h r e n e )  , p e r h y d r o f l u o -  
r e n e ,  p e r h y d r o i n d a n e  a n d  p e r h y d r o p y r e n e  h a v e  been  c r a c k e d  i n  t h e  
same c o n d i t i o n s .  D e t a i l e d  r e s u l t s  a r e  a v a i l a b l e  b u t  n o t  g i v e n  i n  
t h i s  p a p e r  f o r  l a c k  o f  t i m e .  The  maximum y i e l d s  o f  B .T .X.  and  
e t h y l e n e . . a r e  g i v e n  f o r  a l l  o f  t h e m  i n  t a b l e  I V .  
I t  c a n  be s e e n  t h a t  a l l  t h e  p e r h y d r o c o m p o u n d s  g i v e  e x c e l l e n t  
y i e l d s  o f  m o n o c y c l i c  a r o m a t i c s  and  o f  e t h y l e n e ,  w h e r e a s  t h e  c o r -  
r e s p o n d i n g  p a r t i a l l y  h y d r o g e n a t e d  compounds show p r e d o m i n a n t l y  
d e h y d r o g e n a t i o n ,  l e a d i n g  b a c k  t o  t h e  a r o m a t i c  s t a r t i n g  h y d r o c a r -  
b o n .  The h y d r o g e n  s a t u r a t i o n  o f  a l l  t h e  p o l y c y c l i c  compoundsmen-  
t i o n e d ,  e v e n  i n  t h e  c a s e  o f  p y r e n e  w i t h  h i s  4 c o n d e n s e d  a r o m a t i c  
r i n g s ,  weakens t h e  C - C  b o n d s .  I t  makes p o s s i b l e  t h e  r u p t u r e  o f  
t h e  c y c l e s ,  w i t h  l i g h t  o l e f i n e s  p r o d u c t i o n .  Above 750°C,  t h e y  
c o n t r i b u t e  t o  a n  a d d i t i o n a l  b e n z e n e  f o r m a t i o n  as d e m o n s t r a t e d  i n  
e a r l i e r  w o r k .  
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B . T . X .  1 , l  3,8 
- 239  

'ZH4 

OH &$ 

m 

B . T . X .  

C2H4 

34,O 

18,9 

23,9 
17,6 

38,3 

18 

33,6 - 15 
30,2 
33 

&y 
27,3 

17 

T a b l e  IV : Optimum B.T.X. and C2H4 y i e l d s  ( i n  h'% o f  i n j e c t e d  
compounds)  o b t a i n e d  by t h e r m a l  c r a c k i n g  o f  d i -  and 
p o l y h y d r o a r o m a t i c s .  
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A s  t o  show i n  w i c h  p o s i t i o n  o f  t h e  s t a r t i n g  m o l e c u l e ,  c r a c k i n g  
o c c u r s  f i r s t , t o l y c y c l i c  compounds l a b e l l e d  i n  s p e c i f i c  p o s i t i o n  
w i t h  I 4 C  a n d  H h a v e  b e e n  u s e d .  The r a d i o a c t i v i t y  o f  t h e  c r a c k i n g  
p r o d u c t s  i s  m e a s u r e d  b y  r a d i o c h r o m a t o g r a p h y .  P h e n a n t h r e n e  and  
p e r h y d r o p h e n a n t h r e n e  a r e  a b e l l e d  i n  p o s i t i o n  9 w i t h  j H ,  a n d  i n  
p o s i t i o n s  9 and 1 0  w i t h  l i C .  

The r a d i o a c t i v e  3H o r  1 4 C  c o n t e n t  i n  t h e  c r a c k i n g  p r o d u c t s  i s  e x -  
p r e s s e d  as : 
molar s p e c i f i c  a c t i v i t y  o f  a g iven  compound 
molar s p e c i f i c  a c t i v i t y  o f  the  s t a r t i n g  l a b e l l e d  compound 

i n  jmCi/mmole! 
m C i  /mmol e 

14  
C r a _ c _ k _ ~ n g - - o _ ~ - P ! e ~ ~ ~ ~ ~ - ~ ~ ~ ~  - e!- B n i  -0  f - E! h e !  B n t h r e  ne - Is_ I ! 0 - - c 
T a b l e  V g i v e s  c o m p o s i t i o n  and t r i t i u m  c o n t e n t  o f  t h e  c r a c k i n g  p r o -  
d u c t s .  

C o m p o s i t i o n  ( M  % )  

C75OC/2S I 89O0C/2S I 900°C/2s Gas phase 

Hydroger! 
Methane 
E t  hy 1 ene 
Ethane 
Acetylene 
Propene 

3H c o n t e n t  

875"C/2s I 890°C/2s 

L i q u i d  phase 

Genzene 
Indene 
Naphtha1 ene 
F1 uorene 
Phenanthrene 
Pyrene 

92,3 
733 
093 
0,07 

T r  . 
T r  . 

93,6 
6 $ 2  
0 9 2  
0,03 

T r  . 
T r  . 

850°C/2,5s 1 875"C/2s 

0,57 
0,99 
0,77 
0,39 
1,02 - 

0,27 
0,85 
0,51 
0,66 

875OC/2s 

- 
0,47 
0,90 
0,32 
1 
1,70 

9oooc/2s 

0,21 
0,76 
0,39 
0,57 

T a b l e  V : C o m p o s i t i o n  a n d  t r i t i u m  c o n t e n t  o f  c r a c k i n g  
o f  p h e n a n t h r e n e  9-3H 

The t r i t i u m  c o n t e n t  i n  h y d r o g e n  i s  h i g h e r  f o r  low c r a c k i n g  y i e l d .  
T h i s  means t h a t  t h e r e  i s  p r e f e r e n t i a l  r u p t u r e  o f  C - H  bond  i n  p o -  
s i t i o n  9 .  T h i s  i s  i n  a g r e e m e n t  w i t h  w h a t  i s  a d m i t t e d  i n  l i t t e r a -  
t u r e  w h e r e  B e c k w i t t  a n d  Thompson ( 1 4 )  g i v e  t h e  f o l l o w i n g  r e a c t i -  
v i t y  p o s i t i o n  s e q u e n c e  i n  p h e n a n t h r e n e  : 9 > 1 >  3 =  2 .  S l i t h  i n c r e a -  
s i n g  p y r o l y s i s  t e m p e r a t u r e  t h e  f o r m a t i o n  o f  1 - p h e n a n t h r y l  r a d i c a l  
and  e v e n  2 -  and 3 - p h e n a n t h r y l  r a d i c a l s  l e a d s  t o  a r e d u c t i o n  o f  
3H c o n t e n t  i n  h y d r o g e n .  The 3H c o n t e n t  o f  m e t h a n e  i s  h i g h ,  
w h a t  d e m o n s t r a t e s  a n  i m p o r t a n t  c o n t r i b u t i o n  o f  t h e  3H l o c a t e d  o n  
C9. 
C r a c k i n g  o f  p h e n a n t h r e n e  -9 ,1014c a t  885°C g i v e  1 4 C  c o n t e n t  o f  
0 ,39  i n  CH4, 0 ,52  i n  n a p h t h a l e n e ,  0,5 i n  f l u o r e n e  a n d  1 f o r  t h e  
u n c r a c k e d  p h e n a n t h r e n e .  
The f l u o r e n e  and  m e t h a n e  f o r m a t i o n ,  t h e  o n l y  c o n s i d e r e d  h e r e ,  
s t a r t s  w i t h  t h e  e l i m i n a t i o n  o f  o n e  C and  t w o  H i n  p o s i t i o n  9 .  
The h y p o t h e t i c a l  i n t e r m e d i a t e  w o u l d  be  a f l u o r e n y l  b i r a d i c a l .  
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T = l  
= 0,37) 

14c = 0,5 14C = 0,5 
T = 0,37 T = 1,37 

Measured : I4C = 0,51 14C = 0,4 and 0,48 
T = 0,33 T = 1,16 

The i n t e r m e d i a t e  f l u o r e n y l  b i r a d i c a l  i s  h y d r o g e n a t e d  b y  t h e  h y -  
d r o g e n  o f  t h e  g a s  p h a s e ,  whose t r i t i u m  c o n t e n t  i s  0 ,37 .  Thus ,  
t h e  t h e o r e t i c a l  t r i t i u m  c o n t e n t  o f  t h e  f l u o r e n e  s h o u l d  be 0 , 3 7 ,  
as  1 m o l e  H 2  i s  n e e d e d .  The m e a s u r e d  v a l u e s  a r e  i o . v e r y  good 
a g r e e m e n t  w i t h  t h i s  as 3H c o n t e n t  f o u n d  was 0 3 3  and 1 4 c  0 , 5 1 .  F o r  
CH , measured  c o n t e n t  was 1,16 f o r  3H, a n d  0 ,4 -0 ,48  f o r  I 4 C .  The 
: :C jT  b i r a d i c a l  h a s  t a k e n  o n e  o f  t h e  t w o  r a d i o a c t i v e  c a r b o n  and 
a'yl t h e  t r i t i u m .  H i s  14C c o n t e n t  i s  0,5 and 3H c o n t e n t  1. H y d r o -  
g e n a t i o n  o f  ::CHT t o  ::CH3T needs  one  m o l e  H whose 3H c o n t e n t  i s  
a g a i n  0,37.  T h u s ,  t h e  t o t a l  c o n t e n t  i s  1 , 3 ? .  T h i s  v a l u e  i s  t o  
compare  w i t h  1,16 m e a s u r e d .  T h i s  l o w e r  v a l u e  i s  d u e  t o  t h e  f a c t  
t h a t  n o t  a l l  t h e  C H 4  i s  o r i g i n a t e d  i n  t h i s  way.  

S i m i l a r  m e c h a n i s m e s  w e r e  e l a b o r a t e d  f o r  some o f  t h e  o t h e r  m i n o r  
c o n s t i t u e n t s  o f  t h e  l i q u i d  p h a s e  : n a p h t h a l e n e  and b e n z e n e .  They  
w i l l  be a v a i l a b l e  i n  m o r e  d e t a i l e d  p u b l i c a t i o n s .  

14 - crackl?s-of-eerhrdroehenanthrene_rs,lo__c 
T a b l e  V I  shows t h e  c o m p o s i t i o n ,  y i e l d s  o f  c r a c k i n g  g a s e o u s  and  
l i q u i d  p h a s e s ,  a n d  t h e  r e s p e c t i v e  14C c o n t e n t  o f  t h e  c r a c k i n g  
compounds o b t a i n e d  a t  750°C and 2s f o r  p e r h y d r o p h e n a n t h r e n e  

E x p e r i m e n t a l  r e s u l t s  show t h a t  no  p h e n a n t h r e n e  n o r  h y d r o p h e n a n -  
t h r e n e  a r e  f o r m e d  : t h e r e  i s  no d i r e c t  d e h y d r o g e n a t i o n  o f  p e r h y -  
d r o p h e n a n t h r e n e  as  i s  o b s e r v e d  f o r  t h e  h y d r o p h e n a n t h r e n e .  
The C - C  r u p t u r e  h a p p e n s  b e f o r e  t h e  C - H  r u p t u r e .  The H 2  p r o d u c -  
t i o n  i s  d u e  t o  s u b s e q u e n t  d e h y d r o g e n a t i o n  o f  t h e  m o n o c y c l i c p e r -  
h y d  r 0- o r  h y d r  c a r  oma t i  c s . 

- 9 , 1 0 1 4 ~ .  
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H2 
CH4 
C2H4 
C2H6 
C3H6 
C3H8 
'qH8 

Benzene 
Toluene 
E t h y l  benzene 
m,p-xylenes 
o-xy lene 
Styrene 
Naphtha1 ene 
Perhydrophenant. 
Other  compounds 

Compos i tion(M22) 

Gas phase 

25,7 
26,8 
32, l  

5 $ 8  
529 
0 $ 4  
397 

L i q u i d  phase 

Y i e l d s  

(M%) 

103,5 
109,5 
131,l  
23,8 
24 ,O 

1,s 
15 , l  

14C c o n t e n t  

- 
0,14 
0,12 
0,17 
0,18 

0,36 
0,60 
0,71 
0,74 
0,74 
0,77 
0,87 
1 

T a b l e  V I  : C o m p o s i t i o n ,  y i e l d s  a n d  1 4 C  c o n t e n t  o b t a i f i e d  b y  
c r a c k i n g  o f  p e r h y d r o p h e n a n t h r e n e  - 9 ,  1 0 I 4 C  
( T O  75OoC, t = 2 s )  

C o n s i d e r i n g  a l s o  t h a t  C2 a n d  C o l e f i n s  a r e  d e t e c t e d  i n  t h e  gas  
p h a s e  as s o o n  a s  t h e  c r a c k i n g  g e g i n s  t w o  p o s s i b l e  p a t h w a y s  c a n  
be c o n s i d e r e d .  
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The 1 4 C  c o n t e n t s  o f  t h e  i n t e r m e d i a t e  s p e c i e s  a r e  i n d i c a t e d .  Let 
us c o n s i d e r  benzene  and t o l u e n e  f o r m a t i o n .  Mechanism l ) ,  f o l l o w e d  
by dea l  k y l a t i o n  and d e h y d r o g e n a t i o n  o f  t h e  r e m a i n i n g  c y c l e ,  
l e a d s  t o  i n a c t i v e  benzene  and a c t i v e  C H  ( 1 4 C = 0 , 5 ) .  Mechanism 2) 
l e a d s  t o  a benzene  w i t h  a 1 4 C  c o n t e n t  o f  1. The benzene  1 4 C  c o n -  
t e n t  measured  was 0 , 3 6 .  Thus pa thways  1)  and 2 )  c o n t r i b u t e  r e s -  
p e c t i v e l y  f o r  2 / 3  and 1 / 3  t o  t h e  benzene  f o r m a t i o n .  T h i s  l e a d s  t o  
t h e  c o n c l u s i o n  t h a t  i n  t h i s  perhydrocornpound t h e r e  i s  a p r e f e r e n -  
t i a l  r u p t u r e  be tween  t h e  c a r b o n s ,  i n  9 a n d  1 0  p o s i t i o n .  
Fo r  t o l u e n e ,  t h e  l 4 C  c o n t e n t  measu red  w a s  0 , 6 ,  t w i c e  t h a t  o f  b e n -  
z e n e .  T h i s  i s  i n  good a g r e e m e n t  w i t h  w h a t  was s a i d  o r  t h e  ben-  
z e n e  f o r m a t i o n .  Pathway 1 )  i s  g i v i n g  t o l u e n e  w i t h  I f C  c o n t e n t  o f  
0 , 5 ,  a f t e r  e l i m i n a t i o n  o f  a C3 r a d i c a l  from t h e  i n t e r m e d i a t e .  
Pathway 2 )  g i v e s  a s  f o r  b e n z e n e ,  t o l u e n e  w i t h  14C c o n t e n t  o f  1 ,  
a f t e r  a C3 and a C4 e l i m i n a t i o n  and d e h y d r o g e n a t i o n  of  t h e  c y c l e .  
C o n s i d e r i n g  t h a t  a s  found  f o r  b e n z e n e ,  pa thway 1)  c o n t r i b u t e s  f o r  
2 / 3  a n d  pa thway 2 )  f o r  1 / 3  t o  the  f i r s t  s t e p  of  t h e  r e a c t i o n ,  t h e  
t h e o r e t i c a l  a c t i v i t y  o f  t o l u e n e  s h o u l d  be a 1 4 C  c o n t e n t  o f  
( 2 / 3  x 0 , 5 )  t ( 1 / 3  x 1 )  = 0 , 6 6 .  a s  t o  compare  w i t h  t h e  measu red  
c o n t e n t  of  0 ,60 .  

Concern ing  t h e  r a d i o a c t i v i t y  i n  e t h y l e n e  which i s  one of  t h e  ma- 
j o r  p r o d u c t s  i n  t h e  g a s e s ,  t h e  measu red  14C c o n t e n t  was 0 , 1 2 .  
T h i s  d e m o n s t r a t e s  t h a t  e t h y l e n e  i s  n o t  formed by p r e f e r e n t i a l  e l i -  
m i n a t i o n  of  t h e  c a r b o n  atom i n  t h e  9 p o s i t i o n .  

5 .  CONCLUSIONS 
Dur ing  h y d r o c a r b o n i s a t i o n  of  c o a l ,  t h e  main r e a c t i o n  below 7 5 O O C  
i s  h y d r o d e a l k y l a t i o n .  T h i s  makes p o s s i b l e  t o  o p t i m a l i z e  t h e  
B . T . X .  and l o w  b o i l i n g  p h e n o l s  f o r m a t i o n .  D e h y d r o x y l a t i o n  o f  t h e  
p h e n o l s  i s  o n l y  i m p o r t a n t  above  75OOC g i v i n g  a n  i n c r e a s e  i n  wa- 
t e r  and a d d i t i o n n a l  l i g h t  a r o m a t i c s .  The oxygen c o n t e n t  of  the 
c o a l ,  c o r r e s p o n d i n g  t o  t h e  hydroxy l  g r o u p  i s  n o t  hydrogen  c o n s u -  
ming below 750°C,  a s  i t  i s  t h e  c a s e  a t  h igh  t e m p e r a t u r e  where con-  
v e r s i o n  t o  me thane  i s  t h e  Soa l  o f  t h e  p r o c e s s .  D e a l k y l a t i o n  o f  
a l k y l p h e n o l s  and  a l k y l a r o r n a t i c s  e x p l a i n s  the a l m o s t  l i n e a r  i n c r e a -  
s e  w i t h  t e m p e r a t u r e  o f  m e t h a n e .  Hydrogen p r e s s u r e  p r e v e n t s  r e a s s o -  
c i a t i o n  of f r e e  r a d i c a l s ,  n o t  o n l y  i n  t h e  p y r o l y s i s  of c o a l  i t s e l f ,  
b u t  a l s o  i n  t h e  p o s t c r a c k i n g  p r o c e s s .  Due t o  t h i s  f a c t ,  n a p h t h a -  
l e n e  and o t h e r  heavy p o l y c y c l  i c a r o m a t i c s  y i e l d s  r ema in  low,  compa- 
r e d  t o  wha t  i s  found  when c a r b o n i s a t i o n  i s  pe r fo rmed  unde r  p r e s s u -  
r e  of an  i n e r t  g a s .  
The s u l f u r  e l i m i n a t i o n  i n  t h e  c h a r  d e p e n d s  o f  t h e  n a t u r e  of  t h e  
m i n e r a l  c o n s t i t u e n t s  of t h e  c o a l .  CaCO3 and MgCO3 unde r  hydrogen  
p r e s s u r e  r e a c t  w i t h  s u l f u r  compounds t o  form Cas .  Calcium i s  n o t  
a s s o c i a t e d  w i t h  s u l f u r  i n  t h e  c o a l ,  e x c e p t  f o r  some CaS04. B u t  
i n  t h e  c h a r ,  o n  t h e  c o n t r a r y ,  c a l c i u m  i s  combined w i t h  t h e  s u l f u r .  
The c o n c e n t r a t i o n  of  CaC03 i s  however n o t  s u f f i c i e n t  t o  f i x  a l l  
t h e  s u l f u r .  P y r i t i c  s u l f u r  i s  e l i m i n a t e d  a t  h igh  t e m p e r a t u r e .  
B u t  i t  seems p o s s i b l e  t h a t  t h i s  s u l f u r  i s  t r a p p e d  o n  CaCO . High 
s u l f u r  c o n t a i n i n g  c o a l s  w i l l  o n l y  be w e l l  d e s u l f u r i z e d  u n j e r  hy- 
d r o p y r o l y s i s  c o n d i t i o n s  i f  t h e i r  a shes  a r e  poor  i n  CaO and MgO. 
Thermal p y r o l y s i s  a t  a t m o s p h e r i c  p r e s s u r e  u n d e r  i n e r t  g a s  demons- 
t r a t e s  t h a t  a l l  p e r h y d r o p o l y c y c l i c  h y d r o c a r b o n s  a r e  e a s i l y  c r a -  
cked  i n t o  m o n o c y c l i c  a r o m a t i c s  a n d  e t h y l e n e .  The mechanism of t h e  
r i n q  o p e n i n q ,  i n  t h e  c a s e  of  p e r h y d r o p h e n a n t h r e n e ,  l a b e l l e d  
w i t h  c a r b o n  14 i n  9 and 10 p o s i t i o n ,  i s  a r u p t u r e  o f  t h e  C - c  
b o n d  be tween 9 and 1 0 .  T h i s  c o n c l u s i o n  i s  i n  good a g r e e m e n t  w i t h  
t h e  perhydrocompounds  c r a c k i n g  r e s u l t s .  No f o r m a t i o n  of  n a p h t h a -  
l e n e  was o b s e r v e d  a t  low c o n v e r s i o n  y i e l d s  o f  t r i c y c l i c  pe rhy-  
d rocompounds ,  w h a t  would be t h e  c a s e  i f  o p e n i n g  of t h e  e x t e r n a l  
r i n g  would be t h e  main r e a c t i o n  p a t h w a y .  H y d r o p o l y c y c l i c  a r o m a t i c s  
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u n d e r g o  m a i n l y  d e h y d r o g e n a t i o n  l e a d i n g  back t o  t h e  c o r r e s p o n d i n g  
a r o m a t i c  s t a r t i n g  compound. 
The low s t a b i l i t y  o f  t h e  p e r h y d r o p o l y c y c l i c  compound makes P o s s i -  
b l e  t o  c o n v e r t  i n d u s t r i a l l y  t h e  h y d r o p o l y c y c l  i c  compounds,  a b u n -  
d a n t  i n  c o a l  l i q u i d  h y d r o g e n a t e s ,  i n t o  benzene  and e t h y l e n e ,  two 
compounds o f  m a j o r  i m p o r t a n c e  i n  i n d u s t r i a l  o r g a n i c  c h e m i s t r y .  
The p o l y c y c l i c  a r o m a t i c s  have t o  be s a t u r a t e d  by a d d i t i o n a l  hy- 
d r o g e n a t i o n  t o  t h e  c o r r e s p o n d i n g  pe rhydrocompounds ,  wich can  then  
be  d i r e c t l y  c r a c k e d  a t  800-850°C f o r  0 , 5 s  r e s i d e n c e  t ime ,  i n t o  
b e n z e n e ,  e t h y l e n e ,  m e t h a n e  and h y d r o g e n .  The p r o c e s s  i s  h y d r o g e n  
s e l f  s u f f i c i e n t .  
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Fig.5 : SEM images 
SULCIS COAL (56,4% VM, 12,9% ASH, 

before pyrolysis 
1. Coal 
2 .  S x-ray d i s t r ibu t ion  image 
3 .  Ca x-ray d is t r ibu t ion  image 
4. Fe x-ray d i s t r ibu t ion  image 
5. x-ray spectrum 

4,45% S t )  
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Fig. 6 : SEM images 
SULCIS a f t e r  Hydrogenopyrolysis 
8 5 O O C  - 30 bar H p  
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